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Abstract
Several current rocket engine concepts such as the bell-annular tripropellant engine, and the
linear aerospike being proposed for the X-33, require unconventional three-dimensional
rocket nozzles which must conform to rectangular or sector shaped envelopes to meet
integration constraints. These types of nozzles exist outside the current experience database,
therefore, application of efficient design methods for these propulsion concepts is critical to
the success of launch vehicle programs.
The objective of this work is to optimize several different nozzle configurations, including 2-D
and 3-D geometries. Methodology includes coupling CFD analysis to genetic algorithms and
Taguchi methods, as well as implementation of a streamline tracing technique. Results of
applications are shown for several geometry classes including: 3-D thruster nozzles with
round or superelliptic throats and rectangular exits, 2-D and 3-D thrusters installed within a
bell nozzle, and 3-D thrusters with round throats and sector shaped exits.
Due to the novel designs considered for this study, there is little experience base which can
be used to guide the effort and limit the design space. With a nearly infinite parameter space
to explore, simple parametric design studies cannot possibly search the entire design space
within the time frame required to impactthe design cycle. For this reason, robust and efficient
optimization methods are required to explore and exploit the design space to achieve high
performance engine designs. Five case studies which examine the applications of various
techniques in the engineering environment are presented in this paper.
The first study uses two-dimensional CFD coupled to Taguchi methods to determine optimal
design parameters for the D-1 test engine being built for the SSTO Advanced Propulsion
Technology contract. The D-1 engine utilizes a ring of small thrusters within a larger bell
nozzle. This study was used to determine the optimal value of four design variables to
achieve the best overall performance during both low altitude (thrusters firing) and high
altitude (thrusters not firing) operational modes. Two other case studies investigate the
problem of using multidisciplinary techniques to optimize a 3-D thruster design with both
genetic algorithms and Taguchi methods. The relative strengths and weaknesses of these
two methods are apparent when using them to solve this problem using up to 21 design
variables. This thruster is also designed using streamline tracing techniques for the fourth
case study.
The final study uses Taguchi methods to determine the optimal 3-D thruster module design
when installed in a bell nozzle. This requires full 3-D solutions of the thruster and bell nozzles
to quantify module-to-module interaction effects.
Software which couples Optimization techniques to CFD have tremendous potential as
aerodynamic design tools. However, to function effectively in the engineering environment,
the optimization algorithms must be robust and efficent. Several optimization techniques
have been demonstrated for rocket nozzle design, and their performance on these real world
applications has been assessed.
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